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(57) ABSTRACT

A bus instrument (10) configured to predictively limit power
consumption and adapted for use with a two-wire instrumen-
tation bus is provided. The bus instrument (10) includes a
sensor (13), a shunt regulator (14), and a controller (20). The
controller (20) is configured to generate a predicted available
power P, ., that will be available to the bus instrument
(10) after a change in the loop current I, compare the pre-
dicted available power P, ., to a present time power P,
comprising a controller power P plus a sensor power

controller

P,...sor and reduce the sensor power P, .. if the total avail-
able power P, ..., 15 less than the controller power
P...izvorier Plus the sensor power P .

10 Claims, 3 Drawing Sheets
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1
BUS INSTRUMENT AND METHOD FOR
PREDICTIVELY LIMITED POWER
CONSUMPTION IN A TWO-WIRE
INSTRUMENTATION BUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a bus instrument and
method for a two-wire instrumentation bus, and more particu-
larly, to a bus instrument and method for predictively limiting
power consumption in a two-wire instrumentation bus.

2. Statement of the Problem

Bus loops are commonly used to connect various instru-
ments, such as in industrial settings, for example. The bus
loop can provide electrical power to the bus instruments. The
bus loop can enable communications between a bus instru-
ment and an external device(s). For example, a bus loop is
commonly used for reporting of bus instrument measure-
ments and further may enable control of the bus instrument.

One bus loop protocol is a two-wire bus protocol, some-
times referred to as a 4-20 milliAmp (mA) bus because of
inherent power limitations. This bus protocol may be
employed for the simplicity of connecting instruments to the
bus using only two wires, where the two wires provide both
electrical power and electronic communications. This bus
protocol may be used in hazardous or explosive environ-
ments, for example, where electrical power is limited for
reasons of safety.

Communication of measurement values in common two-
wire bus protocols comprises controlling and varying the
current draw to a predetermined range, such as between 4 and
20 mA. In this bus protocol, a zero flow condition is denoted
by controlling the loop current in the bus loop to be 4 mA. A
bus loop current of less than 4 mA is not a valid measurement
according to the two-wire bus protocol, and can comprise a
power-up phase of the bus instrument or some other manner
of'signaling. Likewise, a maximum flow amount can result in
the bus instrument controlling the bus loop current to be about
20 mA.

A host system is connected to the two-wire bus loop and
provides the regulated electrical power and receives the com-
munication signaling from all connected bus instruments.
The host system translates the current amount (i.e., the mea-
surement value) and passes the measurement value to an
external device, such as a monitoring computer.

The limited electrical current and the limited electrical
power can be problematic. The bus instrument must operate
accurately and reliably without exceeding the current limita-
tions. Increased power demand in the bus instrument can
cause the electrical current requirements of the instrument to
exceed an amount prescribed by an applicable protocol. Fur-
ther, in conditions of minimal flow, a two-wire bus instrument
cannot consume more than 4 mA of electrical current. This
low current level may be problematic and may not be enough
electrical current to operate the bus instrument.

In some embodiments, if the power consumption reaches
or exceeds an available power limit, then an error condition
may result. The error condition in some embodiments may
result in faulty or unreliable operation of the bus instrument.
The error condition in some embodiments may result in a
reset of a processor or processors in the bus instrument.

Therefore, it is desirable that the power consumption of the
bus instrument be kept below the allowable power limit if at
all possible.
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2
ASPECTS OF THE INVENTION

In one aspect of the invention, a bus instrument configured
to predictively limit power consumption and adapted for use
with a two-wire instrumentation bus comprises:

a sensor;

a shunt regulator configured for shunting excess electrical
current; and

a controller coupled to the shunt regulator and the sensor,
with the controller being configured to generate a predicted
available power P, .., that will be available to the bus
instrument after a change in the loop current I, compare the
predicted available power P, .., t0 a present time power
P, comprising a controller power P, ... plus a sensor
power P ... and reduce the sensor power P, .. if the
predicted available power P, ..., is less than the controller
power P_ .. ... plus the sensor power P, ..

Preferably, the controller is further configured to receive a
measurement value from the sensor and generate a predicted
loop current I, ., from the measurement value, wherein the
predicted available power P, .., is generated using the
predicted loop current I, ...

Preferably, reducing the sensor power P, including
reducing a sensor current [, .. provided to the sensor.

Preferably, the controller is further configured to determine
a loop resistance R; and a supply voltage V.

Preferably, determining the loop resistance R; and supply
voltage V¢ comprises the preliminary steps of measuring a
first loop voltage V, | ata predetermined first loop current I,
measuring a second loop voltage V,, at a predetermined
second loop current I, ,, and determining the loop resistance
R, from the first and second loop voltages V,, and V , and the
first and second loop currents I, and I,.

In one aspect of the invention, a method for predictively
limiting power consumption in a bus instrument of a two-wire
instrumentation bus comprises:

generating a predicted available power P, ., that will
be available to the bus instrument after a change in the loop
current I;

comparing the predicted available power P, ..q t© a
present time power P,, comprising a controller power
P00 PlUS @ sensor power P, ; and

reducing the sensor power P, .. ifthe predicted available
power P, ;....15 less than the controller power P, .- plus
the sensor power P,

Preferably, the method further comprises receiving a mea-
surement value from the sensor and generating a predicted
loop current I, ., from the measurement value, wherein the
predicted available power P, ..., is generated using the
predicted loop current I, ...

Preferably, reducing the sensor power P, . includes
reducing a sensor current [, .. provided to the sensor.

Preferably, the method further comprises the preliminary
step of determining a loop resistance R, and a supply voltage
V.

Preferably, determining the loop resistance R, comprises
the preliminary steps of measuring a first loop voltage V,, at
a predetermined first loop current I, |, measuring a second
loop voltage V,, at a predetermined second loop current I, ,,
and determining the loop resistance R, from the first and
second loop voltages V;; and V;, and the first and second
loop currents I, and I, ,.

DESCRIPTION OF THE DRAWINGS

The same reference number represents the same element
on all drawings. It should be understood that the drawings are
not necessarily to scale.
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FIG. 1 shows a bus loop system according to an embodi-
ment of the invention.

FIG. 2 shows a controller according to an embodiment of
the invention.

FIG. 3 is a flowchart of a method for predictively limiting
power consumption in a bus instrument of a two-wire instru-
mentation bus according to an embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

FIGS. 1-3 and the following description depict specific
examples to teach those skilled in the art how to make and use
the best mode of the invention. For the purpose of teaching
inventive principles, some conventional aspects have been
simplified or omitted. Those skilled in the art will appreciate
variations from these examples that fall within the scope of
the invention. Those skilled in the art will appreciate that the
features described below can be combined in various ways to
form multiple variations of the invention. As a result, the
invention is not limited to the specific examples described
below, but only by the claims and their equivalents.

FIG. 1 shows a bus loop system 100 according to an
embodiment of the invention. The bus loop system 100
includes a host system 1, a two-wire bus loop 4, and a bus
instrument 10 connected to the two-wire bus loop 4. The host
system 1 caninclude a power supply 2, a signaling resistor R,
and a measuring device 3 coupled to the signaling resistor R.
In some embodiments the bus loop system 100 can include an
intrinsically safe (I.S.) barrier (see dashed line). The L.S.
barrier can comprise a physical barrier that is designed to
protect a hazardous environment, for example.

The host system 1 generates a loop voltage V; and a loop
current I, over the two-wire bus loop 4. The loop voltage V,
can be substantially defined or limited, such as by an intrinsic
safety (I.S.) protocol or other hazardous or explosion-proof
protocol. In some two-wire bus loop systems 100, the loop
voltage V, is set between 16 and 36 volts (V). The loop
voltage V; is dependent upon the power supply voltage V¢
and the loop current ;. The loop current I, is set by the
controller 20 but is constrained by an applicable bus or L.S.
protocol. Consequently, the controller 20 can change the loop
current I, in a limited manner. The loop current I, can be
limited in such protocols to no more than 24 mA and typically
ranges from 4 mA to 20 mA (or 10 mA to 20 mA) in order to
communicate a measurement value to the host system 1.
However, other loop current values are contemplated and are
within the scope of the description and claims. Further, the
loop voltage V, provided by the power supply 2 may not be
fixed and may need to be measured in order to determine
power. The loop voltage VL can deviate from the power
supply voltage V.

The loop current I, flows through the signaling resistor R
and creates a variable voltage. The measuring device 3 mea-
sures the voltage created across the signaling resistor R ;and
converts the voltage into a measurement signal. Conse-
quently, the loop current I, transfers a measurement from the
sensor 13 and the controller 20 to the host system 1 and
ultimately to an external device(s). In addition, a digital com-
munication signaling can be superimposed on the loop cur-
rent [, if desired.

The bus instrument 10 can comprise any manner of instru-
ment. For purposes of illustration, the bus instrument 10 can
comprise a flowmeter. Where the bus instrument 10 is a flow-
meter, including a Coriolis flowmeter or vibratory densim-
eter, the sensor 13 includes a vibratory driver.

The bus instrument 10 includes a sensor 13, a controller 20,
and a shunt regulator 14. Further, the bus instrument 10 can

—
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4

include a loop current controller 23 and voltage converters 24
and 25 for the sensor 13 and the controller 20. The sensor 13
in some embodiments can comprise a separate component
(not shown) coupled to the bus instrument 10. The sensor 13
can comprise any manner of sensor, such as a flow meter, for
example. However, other sensors are contemplated and are
within the scope of the description and claims.

The controller 20 is coupled to and controls the sensor 13
and the loop current I;. The controller 20 can operate the
sensor 13 and can process signals received from the sensor 13
in order to transfer a measurement value as an analog output
current that is in the form of a variable loop current I, flowing
in the two-wire bus loop 4.

As can be seen from the figure, the loop current I, supplied
to the bus instrument 10 comprises a controller current
Loonsroner lowing in the controller 20, a sensor current [, ..
flowing in the sensor 13, and a shunt current I, , flowing in
the shunt regulator 14. It should be understood that the loop
current I, is not fixed.

Because of the measurement communication protocol and
the power limitations built into the bus loop system 100, the
bus instrument 10 can be capable of consuming all electrical
power supplied by the host system 1 (or can be capable of
demanding more than the available power). Consequently,
the bus instrument 10 may be the only instrument connected
to the two-wire bus loop 4.

Because the loop current I, is limited, the bus instrument
10 can only consume the available electrical current. There-
fore, if the measurement value generated by the bus instru-
ment 10 corresponds to aloop current I; of 10 mA and the bus
instrument requires only 8 mA to generate the measurement,
then the bus instrument 10 must sink or consume the excess 2
mA in order to pull 10 mA from the host system 1. The shunt
regulator 14 is configured to sink the excess 2 mA of electrical
current.

The power supply 2 provides a total available power
P, uiranie that comprises the loop voltage V,; multiplied by the
loop current I;. The total available power P,, ;.5 further
comprises the power consumed by the components of the bus
instrument 105 i'e'i PavailabZe:Pshunt+Psensor+Pcontroller' The
controllerpowerP_ . ... is relatively fixed. Consequently, it
may be desired to vary the sensor power P, .. in order to
avoid exceeding the total available power P, ;7.5%-

The bus instrument 10 is configured to predictively limit
power consumption in use with a two-wire instrumentation
bus. The bus instrument 10 is configured to generate a pre-
dicted available power P,,,. ;...; that will be available to the
bus instrument 10 after a change in the loop current I, com-
pare the predicted available power P, ;;.., t0 a present time

power P, comprising the controller power P.._,,,,... plus the
sensor power P . and reduce a sensor power P, .. in the
sensor 13 if the predicted available power P, ;.15 less than

the controller power P, . ... plus the sensor power P, _ ..
In this manner, the power cannot exceed the limit before the
power can be reduced.

Advantageously, the bus instrument and method according
to the invention can predictively control power consumption
in order to not exceed the applicable bus or 1.S. protocol.
Further, the bus instrument and method can perform power
adjustments beforehand, preventing brown-outs, resets, erro-
neous measurement values, or other problems that may occur
when the bus instrument runs out of available power. More-
over, the bus instrument and method can substantially main-
tain a spacing or buffer from the power limit, wherein unex-
pected power demand spikes are unlikely to exceed the power
limit.
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FIG. 2 shows the controller 20 according to an embodiment
of the invention. The controller 20 can include an interface
201, a processing system 203, a current meter 250, and a
voltage meter 252. The processing system 204 is coupled to
the shunt regulator 14, the interface 201, the current meter
250, and the voltage meter 252. In some embodiments, the
controller 20 is coupled to the sensor 13 via the interface 201.

The controller 20 receives sensor signals from the sensor
13 via the interface 201. The controller 20 processes the
sensor signals in order to obtain data. The interface 201 can
perform any necessary or desired signal conditioning, such as
any manner of formatting, amplification, buffering, etc. Alter-
natively, some or all of the signal conditioning can be per-
formed in the processing system 203. In addition, the inter-
face 201 can enable communications between the controller
20 and external devices.

The shunt regulator 14 is configured to shunt excess elec-
trical current. All electrical current not consumed by the
controller 20 or the sensor 13 is consumed by the shunt
regulator 14.

The current meter 250 is configured to measure electrical
current and provide the measurement to the processing sys-
tem 203. In some embodiments, the current meter 250 can
measure the shunt current I;,,,,. In some embodiments, the
current meter 250 can measure the sensor current [, ...

The voltage meter 252 is configured measure the bus loop
voltage V; and provide the measurement to the processing
system 203. The loop voltage V, can comprise the voltage
available at the bus instrument 10.

The processing system 203 conducts operations of the
controller 20 and processes measurements received from the
sensor 13. The processing system 203 can comprise a general
purpose computer, a microprocessing system, a logic circuit,
or some other general purpose or customized processing
device. The processing system 203 can be distributed among
multiple processing devices. The processing system 203 can
include any manner of integral or independent electronic
storage medium, such as the storage system 204.

The storage system 204 can store parameters and data,
software routines, constant values, and variable values. For
example, the storage system 204 can store a processing rou-
tine 240, a controller power 241, a predicted available power
P, ciicrea 242, @ measurement value 243, a loop voltage V,
244, a loop resistance R, 245, a supply voltage V¢ 246, a
predicted loop current I 247, aloop current I; 248, and
a sensor power P 249,

The controller power 241 is the electrical power consumed
by the controller 20. The controller power 241 can be deter-
mined as the predicted available power P,,,, ., minus both
the sensor power P, ... and the shunt power P, ... The
controller power 241 may need to be only periodically deter-
mined, as the controller power P will change very
little over time.

The predicted available power P, .., 242 is the power
consumption that is predicted for a particular measurement
value 243. The predicted available power P,,,.. ;... 242 is used
to determine if the measurement value 243 will cause the bus
instrument 10 to exceed the controller power P,z 241
plus the sensor power P, . .. 249. The determination can be
used to reduce power consumption so that the predicted loop
current I, ... 247 does not lead to the power consumption
exceeding the total available power.

The measurement value 243 comprises a measurement
received from the sensor 13. The measurement value 243 in
some embodiments is continuously updated as new measure-
ment values are received.

L_next
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Theloop voltage V, 244 comprises a measurement or other
determination of the voltage at the bus instrument 10. The
loop voltage V,; 244 may vary as the loop current I, 248
varies.

The loop resistance R; 245 comprises a measurement or
other determination of the electrical resistance inherent in the
two-wire bus loop 4 (see equation 1 below). The loop resis-
tance R; 245 may be designed to be a standard value and will
typically be substantially constant.

The supply voltage V¢ 246 comprises a determine voltage
value. The supply voltage V246 can be determined accord-
ing to equation 2 (see below).

The predicted loop current I, , .., 247 comprises a predic-
tion of a future loop current based on a (new) measurement
value 243. The predicted loop current I; , ., 247 may be the
same, greater than, or less than the current loop current I, 248.
Therefore, the predicted loop current I, .., 247 is first
checked to see if application of the predicted loop current
I, ,.ex: 247 (as the actual loop current I, 248) will exceed the
total available power P, 7,57, 241.

The loop current I, 248 is determined according to the
measurement value 243, such as a flow rate measurement, for
example. The measurement value 243 dictates the loop cur-
rent I; 248 and therefore the loop current I, 248 is known.

The sensor power P, 249 comprises the power con-
sumed by the sensor 13. The sensor power P, 249 com-
prises the sensor current I, . multiplied by a known inter-
nally regulated voltage. The sensor current I, . can be
measured by the current meter 250.

In operation, the processing routine 240 is executed by the
processing system 203. The processing routine 240 controls
the bus instrument 10 in order to generate one or more mea-
surements, such as one or more flow measurements, as pre-
viously discussed. In addition, the processing routine 240 can
operate the bus instrument 10 in order to predictively limit
power consumption. The processing routine 240 can imple-
ment various power-limiting algorithms, as discussed below.

FIG. 3 is a flowchart 300 of a method for predictively
limiting power consumption in a bus instrument of a two-wire
instrumentation bus according to an embodiment of the
invention. This method substantially consumes the total
available power at all times. In step 301, the supply voltage V¢
and the loop resistance R, are determined. This can be done
before operation of the sensor, such as at a startup or reset, for
example. The supply voltage V; and the loop resistance R,
can be determined from loop voltage V; and loop current I,
measurements obtained before operation and can subse-
quently be used in operation of the bus instrument.

The loop resistance R, is determined from characteristics
of the bus loop system 100 in some embodiments. For
example, the loop resistance R; can be determined from two
sets of voltage and current measurements according to:

Re=(Vp= Vi) Up1~11o) M
The supply voltage V can be determined from the mea-
sured loop voltage V; , the determined loop resistance R, and
the known loop current ;. One set of the pre-operational loop
measurements (V;,, I;;) or (V;,, I;,) may be used. The
supply voltage V5 can be determined according to:
Vs=Vi+UL*Ry) @
In step 302, the shunt current I, . and the loop voltage V,
are measured during actual operation of the bus instrument. It
should be understood that these two values can be measured
on every measurement cycle or can be periodically measured,
as they are not expected to radically change.
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In step 303, the power consumed by the controller
P....oner 18 calculated. The total power available/consumed
in the bus loop system P comprises:

available

P,

available

P +P,

shunt

+P,

controller'™ sensor

3

The individual power amount can be determined from the
loop voltage multiplied by the individual currents I
I

shune

controllers

Consequently, the controller power P comprises:

controller

P =P

available™

P,

shunt”-

P,

sensor

Q)

The total available power P, ;/.57. 18 known and is sub-
stantially controlled/limited according to the method. The
controllerpowerP_ .. 1issubstantially fixed. However, the
sensor power P, . . in some embodiments can be adjusted
and therefore can be used to ensure that the total available
power P, ... does not exceed a bus or [.S. protocol.

In step 304, a next measurement value is received from the
sensor and is used to generate a predicted loop currentI, ...
However, the predicted loop current I, .., is not imple-
mented yet. Instead, the effect on power consumption is first
assessed. In this manner, the method can avoid excessive
power consumption by compensating for a future change in
the loop current.

In step 305, a predicted loop voltage V; ..., and a pre-
dicted available power P, ;;...; are generated. The predicted
loop voltage V; ..., comprises a prediction of the voltage at
the bus instrument according to the known power supply
voltage Vs and the predictive loop current I, ... The predic-
tive loop voltage V; . therefore comprises a prediction of
the effect of the predictive loop current I, , .. on the loop
voltage V. The predictive loop voltage V..., can be deter-
mined according to:

controller

Vi et Vs~ Re)UL_next) )]

The predicted available power P,,,, .., comprises a pre-
diction of the total power that will be provided to the bus
instrument based on the predictive loop current I; ... The
predicted available power P, ;.. 15 determined according
to:

Q)

In step 306, the predicted available power P,,,.. ;.. is com-
pared to a current power consumption. Because the available
power is always consumed in the bus instrument, the shunt
current 1, . will exist only if the electrical current available
to the bus instrument is greater than the current consumed by
the sensor and controller. However, as the power usage
becomes critical and the sensor power P, . approaches the
available power, the power consumed in the shunt regulator
will be essentially zero, i.e., all power is consumed by the
sensor and the controller, so that the power consumption at
the present time P,, comprises P,;=P__....0170r+Psensor- 1heTC-
fore, the predicted available power P, _ ..., 1s compared to
the controller power P, ..z, and the sensor power P, .. If
the predicted available power P, _ .., 15 less than the con-
troller power P_,,,..;7... plus the sensor power P, .., then the
predicted available power P, ... is insufficient and the
sensor power P, ... will have to be reduced to avoid a power
consumption fault.

Instep 307, because the predicted available power P, . s
would exceed the available power as represented by
(P_onsroriortPsensor)s then the sensor power P, is reduced.
In some embodiments, a buffer between the predicted avail-
able power P, ;..; and the available power is maintained
through a SafetyFactor. In one embodiment, the predicted
available power P, .., i used to accordingly reduce the

P predicted:( Vi nex)UL_nex)
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ensor a0d generate a reduced sensor power
censor._reducea- FOr €xample, the reduced sensor power
. can be generated according to:

sensor power P
P

sensor__reduce,

M

The reduced sensor power P, .. ,equcea Can achieve the
overall power reduction. For example, the power reduction
can include reducing a sensor current [, .. Alternatively, a
voltage V..., across the sensor can be reduced, or both.

In step 308, the new loop current I, (i.e., I, ,..,) is gener-
ated from the measurement value. Because the sensor power
P..,.sor- has already been changed to compensate for the mea-
surement value, as needed, the change in the loop current I,
should not impact operation of the bus instrument and should
not exceed the power limitation in the two-wire bus loop 4.
The method can then loop back to step 302, iteratively pro-

cessing measurement values.

P =P predicied P eonmolter+ SafetyFactor)

sensor_reduced -

What is claimed is:

1. A bus instrument (10) configured to predictively limit
power consumption and adapted for use with a two-wire
instrumentation bus, the bus instrument (10) comprising;

a sensor (13);

a shunt regulator (14) configured for shunting excess elec-

trical current; and

a controller (20) coupled to the shunt regulator (14) and the

sensor (13), with the controller (20) being configured to
generate a predicted available power P, .., that will
be available to the bus instrument (10) after a change in
the loop current I, compare the predicted available
power P, ;... 10 a present time power P, comprising a
controller power P__, .. plus a sensor power P ..
and reduce the sensor power P, . if the predicted
available power P, ., is less than the controller
power P, ..oz, plus the sensor power P, ..

2. The bus instrument (10) of claim 1, with the controller
(20) being further configured to receive a measurement value
from the sensor (13) and generate a predicted loop current
I, ,ex from the measurement value, wherein the predicted
available power P, ;... 15 generated using the predicted
loop current I, ...

3. The bus instrument (10) of claim 1, with reducing the
sensor power P_, . including reducing a sensor current
1 pser provided to the sensor (13).

4. The bus instrument (10) of claim 1, with the controller
(20) being further configured to determine a loop resistance
R; and a supply voltage V.

5. The bus instrument (10) of claim 1, with the controller
(20) being further configured to measure a first loop voltage
V;, at a predetermined first loop current I, measure a sec-
ond loop voltage V, at a predetermined second loop current
1;,, and determine the loop resistance R, from the first and
second loop voltages V;, and V,, and the first and second
loop currents I, and I,,.

6. A method for predictively limiting power consumption
in a bus instrument of a two-wire instrumentation bus, the
method comprising:

generating a predicted available power P, ., that will

be available to the bus instrument after a change in the
loop current I; ;
comparing the predicted available power P, ..q t© a
present time power P,, comprising a controller power
P_oiooier PlUS @ sensor power P, : and

reducing the sensor power P, .. ifthe predicted available
power P, e 18 less than the controller power
P01 PlUs the sensor power P

sensor*
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7. The method of claim 6, further comprising:

receiving a measurement value from the sensor;

generating a predicted loop current I, ., from the mea-
surement value, wherein the predicted available power

P, cdicrea 18 generated using the predicted loop current 5

L_next*

8. The method of claim 6, with reducing the sensor power
P,...so» including reducing a sensor current I, .. provided to
the sensor.

9. The method of claim 6, further comprising the prelimi- 10
nary step of determining a loop resistance R, and a supply
voltage V.

10. The method of claim 9, with determining the loop
resistance R; comprising the preliminary steps of:

measuring a first loop voltage V;, at a predetermined first 15

loop current I, ;

measuring a second loop voltage V,, at a predetermined

second loop current I, ,; and

determining the loop resistance R; from the first and sec-

ond loop voltages V;, and V, and the first and second 20
loop currents I, and I, ,.

#* #* #* #* #*



